Effect of Electromagnetic Induction and Heat Treatment on the Mechanical and Wear Properties of LM25 Alloy  by Kumar, T. Anil et al.
 Procedia Materials Science  5 ( 2014 )  550 – 557 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).













0DLQO\ IRU DOXPLQXP FDVWLQJV WKH SURSHUWLHV GHSHQG RQ WKH JUDLQ VWUXFWXUH LW LV GHVLUDEOH WR DFKLHYH D ILQH HTXLD[HG JUDLQ
VWUXFWXUH7KHIRUPDWLRQRIILQHHTXLD[HGJUDLQVWUXFWXUHGHSHQGVRQWKHUDWHRIVROLGLILFDWLRQDGGLWLRQRIJUDLQUHILQHUV $O7L%
PDVWHUDOOR\VDUHXVHGLQ$O6LDOOR\VFDVWLQJLQGXVWULHVDVDJUDLQUHILQHUWRLPSURYHWKHFDVWLQJSURSHUWLHV7KLVUHVHDUFKZRUN
LQYHVWLJDWHV WKHFRPELQHG HIIHFWRIWKHDGGLWLRQ RI$O7L%DQGHOHFWURPDJQHWLFLQGXFWLRQZLWK7KHDWWUHDWPHQWRQWKH
PHFKDQLFDO SURSHUWLHV DQGZHDUSURSHUWLHVRI/0DOOR\FDVWLQJ7KHPHFKDQLFDOSURSHUWLHV DVVHVVHG DUHKDUGQHVVDQG XOWLPDWH
WHQVLOH VWUHQJWK 876 PLFURVWUXFWXUH H[DPLQDWLRQ IUDFWXUH DQDO\VLV RI WKH FDVWLQJV DUH VWXGLHG ,W LV IRXQG WKDW PHFKDQLFDO
SURSHUWLHV DQGZHDUSURSHUWLHVRI/0DOOR\KDYHEHHQ FRQVLGHUDEO\ LPSURYHGE\ VXEMHFWLQJ WKH DOOR\ WR FRPELQHGHIIHFWRIWKH
DGGLWLRQRI$O7L%DQGHOHFWURPDJQHWLFLQGXFWLRQZLWK7KHDWWUHDWPHQW





© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
551 T. Anil Kumar et al. /  Procedia Materials Science  5 ( 2014 )  550 – 557 
 ,QWURGXFWLRQ
7KH H[FHOOHQWPHFKDQLFDO DQG WULERORJLFDO SURSHUWLHV RI DOXPLQLXPVLOLFRQ DOOR\V KDYH OHG WR H[WHQVLYH XVH RI
WKHVH DOOR\V LQ HQJLQHHULQJ DSSOLFDWLRQV SDUWLFXODUO\ LQ WKH DXWRPRELOH DQG DHURVSDFH DSSOLFDWLRQV $OWKRXJK
DOXPLQLXPVLOLFRQ DOOR\VPHHW PDQ\ RI WKH VHUYLFH UHTXLUHPHQWV VXFK DV KLJK VWUHQJWKWRZHLJKW UDWLR H[FHOOHQW
FRUURVLRQUHVLVWDQFHJRRGEHDULQJTXDOLWLHVDQGORZHUH[SDQVLRQ FKDUDFWHULVWLFV 7RUDELDQHWDO 'HSHQGLQJ
RQ WKH VLOLFRQ FRQFHQWUDWLRQ LQ WKH DOOR\ DQG WKH FRROLQJ FRQGLWLRQV WKH VWUXFWXUH RI WKH FDVWLQJ ZLOO HVVHQWLDOO\
FRPSULVH PL[WXUHV RI DOXPLQLXP JUDLQV VLOLFRQ FU\VWDOV DQG DOXPLQLXP VLOLFRQ HXWHFWLF DV ZHOO DV YDULRXV
LQWHUPHWDOOLFSKDVHVIRUPHGIURPRWKHUDOOR\LQJDGGLWLRQV0J6L&X$O  0RKDQW\HWDO 7KHDOXPLQLXP
JUDLQVFDQJURZYHU\ODUJHKRZHYHUXQGHUVORZFRROLQJFRQGLWLRQVVXFKDVLQVDQGFDVWLQJVRUKHDY\VHFWLRQVDQG
WKLV FDQ OHDG WRSRRU FDVWLQJ DQGPHFKDQLFDO SURSHUWLHV ,W LV NQRZQ WKDW DQ HTXLD[HGJUDLQ VWUXFWXUHJLYHVEHWWHU
PHFKDQLFDO SURSHUWLHV WKDQ WKH FROXPQDU VWUXFWXUH RI WKH FDVWPHWDO ,Q DGGLWLRQ WR WKDW HTXLD[HG JUDLQ VWUXFWXUH
H[KLELW EHWWHUFDVWLQJSURSHUWLHVOLNHLPSURYHGIHHGLQJWRHOLPLQDWHWKHVKULQNDJHSRURVLW\GHFUHDVHWKHKRWWHDULQJ






WLWDQLXPERURQ FRQWDLQLQJ VDOW WDEOHWV 0RKDQW\ HW DO 6HYHUDOPHFKDQLVPV WDNH SODFH LQ WKH IRUPDWLRQ RI
JUDLQV LQ DFDVWLQJGXULQJVROLGL¿FDWLRQ 7KHUHPXVW EHWKHSUHVHQFHRIVXLWDEOHVXEVWUDWHVLQ VXIILFLHQW DPRXQWWR DFW
DVKHWHURJHQHRXVQXFOHDWLRQVLWHVDQGWKHUHKDVWR EH VXIILFLHQW XQGHUFRROLQJWRIDFLOLWDWHWKHVXUYLYDODQGJURZWK RI
WKHQXFOHL 6WHIDQHVFXHW DO %RWKRI WKHVHFULWHULD KDYH WREH IXO¿OOHG WR REWDLQ D ILQHJUDLQ VWUXFWXUH LQD
FDVWLQJ %LQQH\HWDO 0DQ\PHWKRGVKDYHEHHQLQWURGXFHGIRUPLFURVWUXFWXUDOFRQWURORIFDVWDOOR\V$PRQJ
WKHVHPHWKRGV DSSOLFDWLRQ RI WKH H[WHUQDO IRUFH OLNH YLEUDWLRQ GXULQJ VROLGLILFDWLRQ JLYH HQKDQFHG SURSHUWLHV WKDW
KDYHEHHQFRQVLGHUHGE\WKHLQYHVWLJDWRUV7DJKDYLHWDO 6RPHRIWKHLQYHVWLJDWRUVXVHGXOWUDVRQLFZDYHVDV
DQ H[WHUQDO VRXUFH WR SURGXFH YLEUDWLRQ DQG UHSRUWHG WKDW LW LV PRUH DGYDQWDJHRXV EHFDXVH FDYLWDWLRQ DQG PDVV
IHHGLQJ DFW PRUH HIIHFWLYHO\ -LDQ HW DO  9HU\ PHDJHU LQIRUPDWLRQ LV DYDLODEOH RQ WKH DSSOLFDWLRQ RI
FRPELQDWLRQRIDGGLWLRQRIJUDLQUHILQHUZLWKYLEUDWLRQWKURXJKHOHFWURPDJQHWLFLQGXFWLRQDQG7KHDWWUHDWPHQW
,Q WKHSUHVHQW LQYHVWLJDWLRQDQDWWHPSW LVPDGH WRVWXG\ WKHHIIHFWRIDGGLWLRQRIJUDLQUHILQHU RQ/0DOOR\






(OHPHQWV &X 0J 6L )H 0Q 1L =Q 3E 6Q 7L $O
E\ZW           5HP
7KHPHOWLQJRIWKH/0DOOR\ZDV FDUULHGRXW LQDQHOHFWULFDOUHVLVWDQFH PHOWLQJIXUQDFH 7KH WHPSHUDWXUHRIWKH
IXUQDFH ZDV PDLQWDLQHGDW&'HJDVVLQJZDVFDUULHGRXWXVLQJKH[DFKORURHWKDQHGHJDVVLQJ WDEOHWV7KHGURVV
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(OHFWURPDJQHWLFLQGXFWLRQ
7KH SHUPDQHQWGLH ZDV SODFHG LQ WKHHOHFWURPDJQHWLF LQGXFWLRQFRLO DUUDQJHPHQW YROWDJHVXSSO\ ZDV YDULHG DW
YDULRXVOHYHOVDFURVVWKHFRLO WRHIIHFWWKHYDOXHRILQGXFWLRQDQG LQWHUQ UDWHRIYLEUDWLRQWRWKHPROWHQDOOR\V7KH
VXSSO\YROWDJHRIDQGYROWVLVVXSSOLHGWRWKHPHOWIRUDSHULRGRI PLQXWHV GXULQJ VROLGLILFDWLRQ
)LJXUH(OHFWURPDJQHWLFLQGXFWLRQFRLODVVHPEO\
 7 KHDW WUHDWPHQW
7KH VROXWLRQ WUHDWPHQW ZDV FDUULHG RXW DW & IRU K IROORZHG E\ TXHQFKLQJ LPPHGLDWHO\ LQ VWLOO ZDWHU




(VWDQGDUG V7KHVL]HRIWKHJUDLQV ZHUH PHDVXUHGXVLQJOLQHDULQWHUFHSWPHWKRG
0HFKDQLFDOWHVWLQJ
7KH LQIOXHQFH RI JUDLQ UHILQHPHQW DQG HOHFWURPDJQHWLF LQGXFWLRQ ZLWK 7 KHDW WUHDWPHQW RQ WKH PHFKDQLFDO
SURSHUWLHV RI/0 DOOR\ZDV LQYHVWLJDWHG 3URSHUWLHV OLNH WHQVLOH VWUHQJWK 876 DQGKDUGQHVV RI WKH DOOR\ZDV
DVVHVVHG  XVLQJ %ULQHOOKDUGQHVVWHVWLQJPDFKLQH
:HDUWHVWV
'U\VOLGLQJ ZHDU WHVWV ZHUH FDUULHGRXWXVLQJSLQRQGLVNW\SHZHDUWHVWLQJPDFKLQH7KHVSHFLPHQVZHUHWHVWHG
IRUFRQVWDQWORDGRI1 IRU GLIIHUHQW VSHHGV YL] DQGUSP WLPHGXUDWLRQRI PLQV





,WLVREVHUYHGWKDWWKHVWUXFWXUHRIWKHDOOR\LVFRPSULVHGRIFRDUVHDOXPLQXPPDWUL[DQG E\ ODUJHDQG QHHGOHVKDSHG
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)LJXUH6XSSO\YROWDJHRI9ZLWK*5$O7L%DQG7KHDWWUHDWPHQW
)LJXUHV   DQG  VKRZ WKH SKRWRPLFURJUDSK RI WKH VSHFLPHQ VXEMHFWHG WR DGGLWLRQ RI  JUDLQ UHILQHU DQG




)LJXUH  VKRZV WKHYDULDWLRQ RIKDUGQHVV YDOXHVZLWK (OHFWURPDJQHWLF LQGXFWLRQZLWK*5 $O7L%DQG
ZLWK 7 KHDW WUHDWPHQW LW FDQ EH VHHQ WKDW  D PD[LPXP %+1 YDOXH LV REVHUYHG LQ VSHFLPHQ VXEMHFWHG WR WKH
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)LJXUHV  VKRZV WKH 6(0 IUDFWRJUDSK\ RI WHQVLOH IUDFWXUHG VDPSOHV RI DVFDVW DQG VSHFLPHQV VXEMHFWHG WR





)LJXUH VKRZVWKHYDULDWLRQ RI876 YDOXHVZLWK (OHFWURPDJQHWLFLQGXFWLRQZLWK*5 $O7L%DQG ZLWK
7KHDWWUHDWPHQW,WFDQEHVHHQ WKDWD PD[LPXP 876 YDOXH RI  1PP  LVREVHUYHGLQVSHFLPHQ VXEMHFWHGWR
WKHFRPELQHGHIIHFWRIJUDLQUHILQHUDGGLWLRQDQGVXSSO\YROWDJHRIYROWV DORQJZLWK7KHDWWUHDWPHQW$Q
LQFUHDVHRILVVHHQZLWKWKHVSHFLPHQVXEMHFWHGWRFRPELQHGHIIHFW RI JUDLQ UHILQHUDGGLWLRQDQG 7WUHDWPHQW





)LJXUH VKRZVWKHYDULDWLRQ RIZHLJKW ORVVRIWKHVSHFLPHQZLWK (OHFWURPDJQHWLFLQGXFWLRQZLWK*5 $O
7L%DQG ZLWK7KHDW WUHDWPHQW,W FDQEHVHHQIURPWKHILJXUH WKDWZLWKDQLQFUHDVHLQVSHHGWKHZHLJKWORVV
DOVR LQFUHDVHV 0D[LPXP ZHLJKW ORVV LV VHHQ LQ WKH DVFDVW VSHFLPHQ 7KHUH LV D  LPSURYHPHQW LQ WKH
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x )URPWKHSKRWRPLFURJUDSKLWLVREVHUYHGWKDWWKHDVFDVWVSHFLPHQLVFRPSULVHGRIFRDUVH DOXPLQLXP PDWUL[DQG




UHILQHU DGGLWLRQ ZLWK D VXSSO\ YROWDJH RI YROW HOHFWURPDJQHWLF LQGXFWLRQ DQG ZLWK 7 KHDW WUHDWPHQW $Q
LPSURYHPHQWRIKDUGQHVVYDOXHVLVREVHUYHG
x 0D[LPXP XOWLPDWHWHQVLOHVWUHQJWKYDOXHRI1VTPPLVVHHQLQWKHVSHFLPHQVXEMHFWHGWRVXSSO\YROWDJH
RI YROW HOHFWURPDJQHWLF LQGXFWLRQ DQG WKH DGGLWLRQ RI   JUDLQ UHILQHU DQG 7 KHDW WUHDWPHQW $Q
LPSURYHPHQWRILQ876YDOXH LV QRWLFHG
x &RQVLGHUDEOH LPSURYHPHQW LQ WKHUHVLVWDQFH WRZHDU LVVHHQ XSRQ VXEMHFWLQJ WKHDOOR\ WRFRPELQHGHIIHFW RI
JUDLQUHILQHUDGGLWLRQ HOHFWURPDJQHWLF LQGXFWLRQZLWK7KHDW WUHDWPHQW $Q LPSURYHPHQWRIDERXWLQ
WKHUHVLVWDQFHWRZHDU LV REVHUYHG
$FNQRZOHGJHPHQWV
$XWKRUV H[SUHVV WKHLU VLQFHUH JUDWLWXGH WR WKH 0DQDJHPHQW 3ULQFLSDO +2' 0HFKDQLFDO (QJLQHHULQJ
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